Pregnancy is a normal physiological phenomenon with many biochemical changes ranging from alterations in electrolyte concentrations to more complex changes in cortisol and calcium metabolism. The results of biochemical tests during pregnancy may therefore differ from the normal reference ranges so they may be mistakenly interpreted as abnormal. This can lead to unnecessary and potentially dangerous therapeutic actions. If there is doubt about a result, contact the laboratory to ask if the result reflects the physiological changes that occur during pregnancy. Further investigation and treatment can be recommended if appropriate.
Introduction
Pregnancy is associated with normal physiological changes that assist the nurturing and survival of the fetus. Biochemical parameters reflect these adaptive changes and are clearly distinct from the non-pregnant state. The woman's renal function, carbohydrate and protein metabolism, and particularly the hormonal pattern are affected. It is critical to appreciate both normal and abnormal changes as laboratory results can influence the management of both mother and child.
Renal function
During pregnancy the serum sodium is about 3-5 mmol/L lower than normal because of an increase in intravascular volume and the resetting of the osmostat. Cardiac output and renal blood flow are also increased. This leads to an increased glomerular filtration rate (GFR) with resultant decrease in concentrations of serum urea, creatinine and uric acid (Table 1) .
In most cases, renal function during pregnancy can be adequately assessed by the serum urea and creatinine. If required, the GFR can be calculated using the Cockcroft-Gault or Method of Disease Renal Diet formulae 1 , but it is necessary to take into account the pregnant state specifically. The GFR can also be calculated using urinary volume, urinary and serum creatinine. Radioactive studies of urinary excretion are clearly not appropriate.
Abnormal laboratory results
The renal tubular threshold is also lowered in pregnancy. This results in an increased excretion of uric acid, amino acids and glucose. Urinary testing for glycosuria can therefore be misleading. Similarly, urinary testing to assess metabolic changes should not be used during pregnancy and is best delayed well into the post-partum period. The best practical uses of urine testing during pregnancy are to diagnose pregnancy itself, to detect asymptomatic bacteruria and to warn of imminent pre-eclampsia when protein excretion rises.
Liver function tests
All markers of liver function are generally reduced or low during pregnancy due to the expansion of extracellular fluid.
Hence serum albumin, transaminases (AST and ALT) and total bilirubin are low compared with the non-pregnant state. The only exception is serum alkaline phosphatase (ALP) which is elevated due to ALP of placental origin.
Causes of abnormal liver function tests specific to pregnancy include intrahepatic cholestasis of pregnancy, pre-eclampsia, haemolysis-elevated liver enzymes-low platelets (HELLP) and rarely acute fatty liver of pregnancy ( Table 1 ). All of these can cause significant fetal and maternal morbidity and mortality.
Newly acquired hepatitides during pregnancy and adverse drug reactions should also be considered when assessing abnormal liver function tests.
Calcium metabolism
During pregnancy, serum total calcium, phosphate and magnesium tend to be low due to the expanded intravascular 
Hormonal changes
Pregnancy causes a remarkable number of hormonal changes that continue to evolve throughout the gestational period. This 
Thyroid function
Thyroid function tests are not uncommonly ordered during pregnancy and interpreting the results is challenging.
Physiologically, the concentration of thyroid stimulating hormone (TSH) normally decreases during the first trimester of pregnancy during which there is maximal cross-stimulation of the TSH receptor by HCG. The TSH concentration then returns to its pre-pregnancy level in the second trimester and then rises slightly in the third. However, most of the changes still occur within the normal non-pregnant range. Serum free tri-and tetra-iodothyronine concentrations essentially remain unchanged during pregnancy but total concentrations, which include both free and protein-bound fractions, are significantly elevated due to increased circulating binding globulins. 4 Clinical indicators are usually confounding due to symptoms of pregnancy that can mimic thyrotoxicosis such as nausea, vomiting, heat intolerance, fatigue, anxiety and palpitations.
The presence of a goitre, especially in patients with a borderline iodine deficiency, can further confound the diagnosis. (Table 1) . 6 
Conclusion
Pregnancy results in many changes to laboratory tests which can be misinterpreted as abnormal. In general, most of the analytes have lower concentrations than in the non-pregnant Table 2 Distinguishing hyperemesis gravidarum and thyrotoxicosis during pregnancy There is an excellent discussion about the choices society has to make about how to get the best value from health dollars.
The book has, of course, a heavy focus on the USA. While this may make it of less interest to readers outside that country, there are many similarities with events here that readers will recognise. For example, the infiltration of the research agenda by the pharmaceutical industry as public research funds become more scarce, and the hijacking of postgraduate education in the same way. We also have medical experts, 'key opinion leaders', who have been subtly bought by the industry.
My one criticism is the use of American trade names even though generic names are usually, but inconsistently, given.
Although some generic names are cumbersome and not easily recognised, the international reader will not recognise many of the American names.
The book makes complex topics easily comprehensible.
What makes the book so readable, beyond the voyeuristic fascination of watching tragedy after tragedy unfold, is Jerry Avorn is a world expert and also a brave crusader.
Anyone who ever prescribes, dispenses or takes a medication should pause before they do so to read this book. They may make a different choice as a result.
